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Figure 2. Ellipticity correlation function for different samples of
simulated galaxies. Black shows the ellipticity correlation func-
tion for a realistic galaxy sample, while red shows the same func-
tion measured from the circularised counterpart of the realistic
galaxy sample. Green curves are measured from samples of circu-
lar Gaussian shapes of different sizes. The green curve measured
from circular Gaussians of 23rd r-band magnitude and R=0.65"
(green square) agree approximately in level and shape with the
black and red curves, where R is the FWHM size of the Gaussian
profile. This demonstrates (1) shape noise is uncorrelated and (2)
we can use the circular Gaussian shape with r-band magnitude
23 and R =0.65" as the “fiducial galaxy” to measure the spatial
correlations of the response of the entire galaxy population.

how this factor may be estimated for the spurious shear
correlation function in the combined dataset.

4.2 Practical considerations

Real galaxies have intrinsic shapes, and will be subject to
cosmic shear, so that in Equation 6, "i and � are not gen-
erally equal to zero. To average over these effects at the
statistical level sampled by LSST, we would need to sim-
ulate ⇠200 images of roughly four billion galaxies in each
test. This is computationally impractical, so we adopted a
simpler approach described below.

Note from Equations 6 and 7 that if we set up simu-
lations so that "i = � = 0, we can avoid the contribution
from "i and � in the observable "m, and directly measure "s

and ⇠

"

s

"

s unambiguously. This suggests that our problem is
equivalent to asking the following question:

Under zero shear, what is the anisotropic component

of the spurious ellipticity "s

induced by a certain physical

effect on a circular object of "i = 0 and what are the

correlation properties ⇠

"

s

"

s

of those spurious ellipticities?

That is, we do not measure the ellipticity on a fully re-
alistic galaxy population with a distribution of shapes, sizes
and brightnesses; instead, simple circular “galaxies” are used
as “test particles” for the entire population of galaxies. We
show below that this approach is justified for our purposes.

In Figure 2, we simulate a representative galaxy sample
from the PhoSim sky catalogue and measure the elliptic-
ity correlation function ⇠

"

m

"

m from a typical single expo-
sure. We then “circularise” these galaxy images at the in-

Table 3. Fiducial galaxy characteristics specified in r band. The
representative sample of weak lensing galaxies can be collapsed
into the fiducial galaxy and reproduce the same ellipticity corre-
lation function – on average, the fiducial galaxy reacts to the PSF
effects the same way as the population of galaxies.

Parameter name Description Fiducial value

m AB magnitude 23

S total signal counts ⇠ 2600 counts

R Gaussian FWHM 0.65"

n
gal

number density ⇠ 5.5 /arcmin

2

SNR signal-to-noise ratio 8.33

put catalogue level before entering the atmosphere so that
they retain all the characteristics, such as size, brightness,
redshift and spectral energy distribution (SED) in the orig-
inal sample, but lose the shape information. Although the
original sample shows a noisier ellipticity correlation func-
tion, the circularised sample roughly agrees with it in both
level and shape. The agreement between the ellipticity cor-
relation functions measured from the original galaxies and
the circularised galaxies demonstrates that shape noise is
not spatially correlated; thus it should play no role in the
correlation function as expected. In other words, we have
⇠

"

i

"

i

= ⇠

��

= ⇠

"

i

�

= ⇠

"

s

�

= 0 for both samples. The slightly
lower red curve is mainly due to the small ⇠

"

i

"

s

term that is
present only in the original galaxy sample. We show that we
can isolate ⇠

"

s

"

s in the ⇠

"

m

"

m using the circularised galaxy
sample.

To further simplify the problem, the distribution of cir-
cular galaxies is collapsed into a single circular Gaussian
shape. By exploring the size-magnitude parameter space,
we find that using roughly the average magnitude, size and
number density of the original sample, we can recover the
ellipticity correlation of the circularised galaxy sample. For
the rest of this paper, we will refer to this special circular
Gaussian as the “fiducial galaxy.” Figure 2 shows the elliptic-
ity correlation functions for three different sizes of circular
Gaussian shapes, with the middle one (square) being the
fiducial galaxy. The characteristics of the fiducial galaxy are
listed in Table 3.

The construction of the fiducial galaxy is an approxima-
tion, but is appropriate for our analyses with the following
caveats. First, by taking the ellipticity results from a circular
galaxy ("i = � = 0) as a general result for the whole galaxy
population, we are assuming that the average ellipticity error
on the population of galaxies is approximately the ellipticity
error on the average galaxy in the population. This is ignor-
ing the fact that certain algorithms may tend to measure
the ellipticity of a galaxy more accurately when the galaxy
is more circular or more elliptical. This intrinsic-ellipticity-
dependent error may introduce additional errors in the ellip-
ticity measurements. We ignore them because these errors
are algorithm-dependent, and are spatially uncorrelated, i.e.

they only contribute a small addition contribution to shape
noise. Second, by choosing a Gaussian profile for the fidu-
cial galaxy rather than a more realistic Sersic-type profile,
we are assuming our ellipticity measurement method per-
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Figure 2. Ellipticity correlation function for different samples of
simulated galaxies. Black shows the ellipticity correlation func-
tion for a realistic galaxy sample, while red shows the same func-
tion measured from the circularised counterpart of the realistic
galaxy sample. Green curves are measured from samples of circu-
lar Gaussian shapes of different sizes. The green curve measured
from circular Gaussians of 23rd r-band magnitude and R=0.65"
(green square) agree approximately in level and shape with the
black and red curves, where R is the FWHM size of the Gaussian
profile. This demonstrates (1) shape noise is uncorrelated and (2)
we can use the circular Gaussian shape with r-band magnitude
23 and R =0.65" as the “fiducial galaxy” to measure the spatial
correlations of the response of the entire galaxy population.

how this factor may be estimated for the spurious shear
correlation function in the combined dataset.

4.2 Practical considerations

Real galaxies have intrinsic shapes, and will be subject to
cosmic shear, so that in Equation 6, "i and � are not gen-
erally equal to zero. To average over these effects at the
statistical level sampled by LSST, we would need to sim-
ulate ⇠200 images of roughly four billion galaxies in each
test. This is computationally impractical, so we adopted a
simpler approach described below.

Note from Equations 6 and 7 that if we set up simu-
lations so that "i = � = 0, we can avoid the contribution
from "i and � in the observable "m, and directly measure "s

and ⇠

"

s

"

s unambiguously. This suggests that our problem is
equivalent to asking the following question:

Under zero shear, what is the anisotropic component

of the spurious ellipticity "s

induced by a certain physical

effect on a circular object of "i = 0 and what are the

correlation properties ⇠

"

s

"

s

of those spurious ellipticities?

That is, we do not measure the ellipticity on a fully re-
alistic galaxy population with a distribution of shapes, sizes
and brightnesses; instead, simple circular “galaxies” are used
as “test particles” for the entire population of galaxies. We
show below that this approach is justified for our purposes.

In Figure 2, we simulate a representative galaxy sample
from the PhoSim sky catalogue and measure the elliptic-
ity correlation function ⇠

"

m

"

m from a typical single expo-
sure. We then “circularise” these galaxy images at the in-

Table 3. Fiducial galaxy characteristics specified in r band. The
representative sample of weak lensing galaxies can be collapsed
into the fiducial galaxy and reproduce the same ellipticity corre-
lation function – on average, the fiducial galaxy reacts to the PSF
effects the same way as the population of galaxies.

Parameter name Description Fiducial value

m AB magnitude 23

S total signal counts ⇠ 2600 counts

R Gaussian FWHM 0.65"

n
gal

number density ⇠ 5.5 /arcmin

2

SNR signal-to-noise ratio 8.33

put catalogue level before entering the atmosphere so that
they retain all the characteristics, such as size, brightness,
redshift and spectral energy distribution (SED) in the orig-
inal sample, but lose the shape information. Although the
original sample shows a noisier ellipticity correlation func-
tion, the circularised sample roughly agrees with it in both
level and shape. The agreement between the ellipticity cor-
relation functions measured from the original galaxies and
the circularised galaxies demonstrates that shape noise is
not spatially correlated; thus it should play no role in the
correlation function as expected. In other words, we have
⇠
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present only in the original galaxy sample. We show that we
can isolate ⇠

"

s
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s in the ⇠
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m
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m using the circularised galaxy
sample.

To further simplify the problem, the distribution of cir-
cular galaxies is collapsed into a single circular Gaussian
shape. By exploring the size-magnitude parameter space,
we find that using roughly the average magnitude, size and
number density of the original sample, we can recover the
ellipticity correlation of the circularised galaxy sample. For
the rest of this paper, we will refer to this special circular
Gaussian as the “fiducial galaxy.” Figure 2 shows the elliptic-
ity correlation functions for three different sizes of circular
Gaussian shapes, with the middle one (square) being the
fiducial galaxy. The characteristics of the fiducial galaxy are
listed in Table 3.

The construction of the fiducial galaxy is an approxima-
tion, but is appropriate for our analyses with the following
caveats. First, by taking the ellipticity results from a circular
galaxy ("i = � = 0) as a general result for the whole galaxy
population, we are assuming that the average ellipticity error
on the population of galaxies is approximately the ellipticity
error on the average galaxy in the population. This is ignor-
ing the fact that certain algorithms may tend to measure
the ellipticity of a galaxy more accurately when the galaxy
is more circular or more elliptical. This intrinsic-ellipticity-
dependent error may introduce additional errors in the ellip-
ticity measurements. We ignore them because these errors
are algorithm-dependent, and are spatially uncorrelated, i.e.

they only contribute a small addition contribution to shape
noise. Second, by choosing a Gaussian profile for the fidu-
cial galaxy rather than a more realistic Sersic-type profile,
we are assuming our ellipticity measurement method per-
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Figure 6. The following abbreviations are used for the different sources of ellipticity errors: CS (counting statistics), OPT_S (stochastic
optics effects), TRK (tracking errors), ATM (atmospheric effects), and ALL_S (all stochastic effects). (a) Distribution of the ellipticity
magnitude measured for the fiducial galaxies when different stochastic effects are added. The grey shaded area indicates the ellipticity
magnitude distribution from all the stochastic effects together. (b) Absolute correlation function of the ellipticity errors for the fiducial
galaxies when different stochastic effects are added. Note that all curves plotted for the stochastic effects are the median value for 20
different realisations, with the error bars showing the standard deviation of the 20 realisations divided by

p
20. Negative values are

plotted with open symbols. (c) is a zoomed-in view of (a) on the lower ellipticity values and (d) is a zoomed-in view of (b) on the higher
correlation function curves.

source), 0.5", 0.7", 0.85", 1.0", 1.5", 2.0"] and m = [18, 19,
20, 21, 22, 23, 24] to cover a nominal galaxy population and
plot �["] as a function of the object’s SNR. The results are
illustrated in Figure 7. We find that even for the wide range
of size and brightness sampled, the ellipticity errors for all
objects lie on a power law curve of index ⇠ �1, described
by the fit:

�["
CS

] ⇡ 0.875⇥ SNR�0.9995 ⇡ 0.875

SNR
, (12)

where the subscript CS indicates the ellipticity uncertainty
due to counting statistics errors only. Equation 12 is consis-
tent with the analytical predictions and numerical simula-
tions (Paulin-Henriksson et al. 2008; Réfrégier et al. 2012)
in previous studies.

In Figure 7, we show the breakdown of �["] into differ-
ent components for a galaxy of FWHM size ⇠ 0.65" under

fiducial LSST observing conditions (Table 1) as a function
of the SNRs of the objects. The top axis m

⇤ shows the cor-
responding r-band AB magnitude for objects at that SNR.
The errors due to all non-stochastic effects and the errors
due to all stochastic effects except counting statistics are by
definition independent of the SNR of the galaxy, therefore
they are represented by horizontal lines on the plot. The to-
tal errors from stochastic effects are derived by adding the
level of counting statistics contributions and other stochastic
errors in quadrature.

Under the assumption that these individual noise terms
are approximately independent from one another, we can
now estimate the uncertainty in ellipticity measurements of
an arbitrary galaxy under an arbitrary scenario by scaling
the results from our tests with the fiducial galaxies and con-
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Figure 6. The following abbreviations are used for the different sources of ellipticity errors: CS (counting statistics), OPT_S (stochastic
optics effects), TRK (tracking errors), ATM (atmospheric effects), and ALL_S (all stochastic effects). (a) Distribution of the ellipticity
magnitude measured for the fiducial galaxies when different stochastic effects are added. The grey shaded area indicates the ellipticity
magnitude distribution from all the stochastic effects together. (b) Absolute correlation function of the ellipticity errors for the fiducial
galaxies when different stochastic effects are added. Note that all curves plotted for the stochastic effects are the median value for 20
different realisations, with the error bars showing the standard deviation of the 20 realisations divided by

p
20. Negative values are

plotted with open symbols. (c) is a zoomed-in view of (a) on the lower ellipticity values and (d) is a zoomed-in view of (b) on the higher
correlation function curves.

source), 0.5", 0.7", 0.85", 1.0", 1.5", 2.0"] and m = [18, 19,
20, 21, 22, 23, 24] to cover a nominal galaxy population and
plot �["] as a function of the object’s SNR. The results are
illustrated in Figure 7. We find that even for the wide range
of size and brightness sampled, the ellipticity errors for all
objects lie on a power law curve of index ⇠ �1, described
by the fit:

�["
CS

] ⇡ 0.875⇥ SNR�0.9995 ⇡ 0.875

SNR
, (12)

where the subscript CS indicates the ellipticity uncertainty
due to counting statistics errors only. Equation 12 is consis-
tent with the analytical predictions and numerical simula-
tions (Paulin-Henriksson et al. 2008; Réfrégier et al. 2012)
in previous studies.

In Figure 7, we show the breakdown of �["] into differ-
ent components for a galaxy of FWHM size ⇠ 0.65" under

fiducial LSST observing conditions (Table 1) as a function
of the SNRs of the objects. The top axis m

⇤ shows the cor-
responding r-band AB magnitude for objects at that SNR.
The errors due to all non-stochastic effects and the errors
due to all stochastic effects except counting statistics are by
definition independent of the SNR of the galaxy, therefore
they are represented by horizontal lines on the plot. The to-
tal errors from stochastic effects are derived by adding the
level of counting statistics contributions and other stochastic
errors in quadrature.

Under the assumption that these individual noise terms
are approximately independent from one another, we can
now estimate the uncertainty in ellipticity measurements of
an arbitrary galaxy under an arbitrary scenario by scaling
the results from our tests with the fiducial galaxies and con-
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